262 baby) was 17.092 kg on September in the coordinate of 108.83° E and 08.50° S, and big eye baby tuna was 7.896 kg on January in the coordinate of 107.00° E and 08.00° S. Bigeye tuna is more dominant caught than big eye baby tuna in Southern Java between 105.00° to 110.00° E longitude and 08.00° to 10.00° S latitude, and slightly in Southwestern of Java. Based on the distribution of big eye tuna fishing ground in the Indian Ocean described that big eye tuna were caught in the range of SST, chlorophyll-a, and SSHA of 25-30°C, 0.10-0.71 mg/m3 and -0.14-0.16 m. The accuracy assessment of tuna fishing ground during 2015 by local fisherman associated with the prediction of potential fishing ground showed 78,82 % of accuracy.
I. INTRODUCTION
In general, tuna distribute widely in three oceans, Indian, Pacific, and Atlantic (O.K. Sumadhiharga, 2009 ). In Indonesia, most of this species was caught in the south waters of Java, southwest of South Sumatra, Bali, Nusa Tenggara, Banda Sea and the Maluku Sea (S. Riswanto, 2012) . Indian Ocean has dominated by four tuna species, albakor (Thunnus alalunga), big eye (Thunnus obesus), yellowfin tuna (Thunnus albacares) and skipjack tuna (Katsuwonus pelamis). Among the four species, big eye tuna is a highest economic value. About 18% of big eye tuna production in the world was supplied by the Indian Ocean or the third largest supplier in the world market (Lee, 2015) . Big eye tuna is the target of a long liner from Japan, China, Taiwan and Indonesia. In the eastern part of the Indian Ocean, especially in the south waters of Java, big eye tuna was the main commercial targets in fishing operation (M.L. Syamsuddin, 2013) .
In some areas, the exploitation status of big eye tuna reported in fully exploited, so that fishing activity can be a threat to big eye tuna. In response to such cases, the strategic management for tuna fishing efforts should be made in order to utilize the tuna resources sustainable. The fishing effort of tuna species needs a lot of consideration including the information of tuna habitat. Identification of tuna habitat can be a reference in tuna management policies in the Indian Ocean. Several models have been developed to examine the relationship between the distribution of tuna and their habitat.
The use of linear regression models, linear additive models, multiple linear regression model, logistic regression models, habitat suitability index models and quantile regression model have been applied for tuna habitat study. Some studies include a combination of these modeling systems to develop a spatial analysis for habitat mapping (L. Song, 2010) . Moreover, the use of oceanographic data from remote sensing approach combine with the catch effort survey data is one of the methods in determining the habitat of tuna species.
The potential fishing ground for tuna species can be map using the analysis of oceanographic parameters. The use of common fishing ground map that published and distributed by Indonesia government sometimes face the difficulties in ensuring the exact location of fish habitat because the limitation of data validation, including the feedback from tuna long liner. This study tried to analyze the relationship between tuna habitat and ocean variability for tuna habitat mapping, and also tried to validate the fishing ground map of tuna with the fishing ground point collected using participatory mapping.
II. METHOD A. Dataset
The oceanographic parameters, Sea Surface Temperature/SST and Chlorophyll-a/Chl-a, monthly data in 11 µ daylight from Aqua Modis from ocean color web (http://oceancolor.gsfc.nasa.gov/) were applied. Sea Surface Height Anomaly/SSHA in L-4 from Jason-2 data set also applied (http://marine.copernicus.au/). Data acquisition for oceanographic parameter was in the year of 2006 until 2015. Moreover, tuna catch effort data collected from Cilacap Fishing Port and the fishing ground point form local fisherman were used for the validation.
B. Data Analysis
Ocean variability data was analyzed based on the anomalies value. The analysis continued by trend analysis to describe the pattern of Indian Ocean variability in 10 years. The trend will be described in regression equation. SST analysis was applied to know the area of upwelling. Analysis of Chl-a distribution was used in order to determine areas with high primary productivity. Moreover, the analysis of SSHA was used to estimate the effect of sea level high in different tuna catch per month. For describing tuna catch data, the calculation of Catch per Unit Effort/CpUE was done using:
Where; CpUEi is Catch per unit effort (trip) in year-i (ton/unit) Catchi is tuna catches in year-i (ton) Efforti is tuna fishing operation in year-i (unit)
The correlation analysis was applied to describe the relationship of each oceanographic parameter and the relationship between oceanographic parameters and tuna catch. The correlation analysis was calculated using :
The correlation coefficient was between -1 ≥ r ≤ 1, where negative correlation was in the range of -1 to 0, while the positive was 0 to 1 (G.A. Latumeten, 2013) . Validation of potential tuna fishing ground was calculated using overall accuracy formula.
III. FINDING AND DISCUSSION

A. Ocean Variability
The average of SST over 10 years in the Indian Ocean was 27.95°C where the lowest temperature occurred in November
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2006 (27.33°C) and the highest was in September 2010 (30.05°C). The trend of SST anomalies in 10 years tends to increase. This is due to the effects of global warming that indicated by increasing of SST in 0.1°C/year (S.I. Sachoemar, 2000) . In addition, the increasing of SST was also influenced by IOD and ENSO (M. N. Habibi, 2014) . Generally, SST will decrease along with the decreasing of latitude. However, the low value of SST was also found in waters close to the Java Island. This low temperature anomaly can be indicative of the occurrence of upwelling (P. Kemili, 2012) .
Upwelling that occurs in coastal area of Java is due to Ekman transport as a result of southeast winds and hindered by the south side of Java Island (S.I. Sachoemar, 2000) .
The concentration of chlorophyll-a in the Indian Ocean was relatively homogeneous. This concentration was highly diverse and tends to increase towards the north part (close to the southern part of Java Island). The high concentration of chlorophyll-a near the coastal area of Java Island was caused by seasonal upwelling process (R. Dwi Susanto, 2001 ). The correlation of all oceanographic parameters was analyze to know the relationship between parameters. Pearson correlation (Table 1) described that SST has a very strong correlation negatively with chlorophyll-a (r = -0.706). Both parameters were significant correlations (0.00<0.05). The inverse correlation of both parameters due to the SST indicates the intensity of light received by phytoplankton as a provider of chlorophyll-a. Reference (J. W. Nybakken, 1997) . stated that high-intensity light will damage chlorophyll-a, and will interfere with the process of photosynthesis. Indirect relationships also happen seasonally in which the SST with low value indicates water surface masses that carry nutrients, ensuring primary productivity by increasing the concentration of chlorophyll-a in water (S. Nurdin, 2013).
Chlorophyll-a has a negative relationship to SSHA (r = -0.416). Both parameters were significant correlations (0.00<0.05). This correlation was related to the occurrence of upwelling. Reference (C. Wilson, 2001) states that the SSHA plays as an indicator of thermocline depth. The depth of thermocline indicated the occurrence of upwelling that brings nutrients from the bottom to the surface. SST has a very weak relationship and directly proportional to the SSHA (r = 0.103).
The correlation of both parameters were not significant (0.263>0, 05). This weak positive relationship was due to the influence of the season. Reference (P. D. Jones, 1999) suggests that the relationship between the SST and SSHA was a smallscale relationship or seasonal scale. During summer, the correlations tend to be weak, and tend to strengthen during winter. Other phenomenon occurred in Indian Ocean during the period of 2006-2015 was El-Nino and La-Nina. During El-Nino event, SST and SSH anomalies tend to increase, while the concentration of Chl-a decreased. In addition, during the phenomenon of La-Nina, SST anomalies tend to decrease, while Chl-a increased and indicated upwelling events (see Figure 2 ). Habibie and Nurainis (2014) stated that the Indian Ocean mostly affected by IOD than ENSO. 
Advances in Social Science
, Education and Humanities Research, volume 79
B. Catch per Unit Effort (CpUE)
CpUE was used as a parameter in determining fishing gear productivity, so that this applied as one of the indicators in sustainable fisheries management. CpUE was calculated based on tuna catch from the different fishing gear; drift gillnet, drift longline, and tuna longline recorded in Cilacap fishing port.
Fishing gear has an ability to catch more than one fish species, not only fish target but also non target species or by catch species. Fishing gear standardization was needed to analyze the capability of fishing gear. Based on the CpUE calculation in the year of 2010-2015, the highest average catch of tuna was from tuna longline (0.577 ton/unit), followed by drift longline (0.257 ton/unit), and drift gillnet (0.057 ton/unit). It can be conclude that tuna longline was a standard fishing gear for tuna catch.
Relative Fishing Power (RFP) was needed to calculate conversion index of fishing gear. It can be obtained from the division of CpUE for each fishing gear and the CpUE of standard fishing gear (tuna longline). RFP calculation shows in Table 2 , while the effort value and standard effort of tuna fishing gear describes in Table 3 . In order to determine catch effort standard for tuna longline, catch effort was multiplied by RFPs = 1. For other fishing gear was multiplied by RFPi for each year. Based on the fishing gear standardization, it describes that the trend of catch effort tend to decrease due to long distance of fishing ground and uncertain of tuna fishing ground.
C. Fishing Ground
Fishing ground points collected from participatory mapping consist of 865 points. This area was bounded from 93.67° E and 07.33° S in the west part of study area until 110.50° E and 09.50° S in the east part, as well as 101.50° E and 12.20° S in the southern part. Fishing ground distribution illustrated that commonly tuna habitat spread in the area of constant concentration of Chl-a and SST not too low. The high tolerance of SSHA indicated in the fishing ground in all gradient of color ( Figure 3) . The highest catch of tuna was found in the low SSHA. Season plays an important role in characterizing the condition of Indian Ocean, especially for the distribution of primary productivity as one of the indicators in tuna suitability habitat mapping.
Red point illustrated tuna fishing ground The peak of tuna catch was in east monsoon (on June, July, and August). In this season, SST reached its low value (less than 25°C). The decreasing of SST followed by the increasing of Chl-a, also SSHA level tend to decrease below -0.2 meter. On the other hand, during west monsoon, SST tent to increase and followed by the decreasing of Chl-a. The decreasing of
Advances in Social Science, Education and Humanities Research, volume 79
SSHA generally found in the coastal area of Java Island due to Ekman transport and low level of thermocline layer (J. Lumban-Gao, 2015). The upwelling events started on June and reached its peak on September, where gave a positive impact to the catch of tuna (S.I. Sachoemar, 2000) . The high level of SSHA was mostly affected by southern equatorial current, which moved from the west part of Sumatera Island to the southern part of Java Island as a Java coastal current. The existence of this current will increase SSHA level in the eastern part of Java Island (M. Purba, 1992 ).
The highest catch of bigeye tuna species in 2015 was 17.092 kg on September. It found in the coordinate of 108.83° E and 08.50° S. Generally, tuna was caught in the Indian Ocean between the coordinate of 105.00° E to 110.00° E and 08.00° S to 10.00° S. During west monsoon, catch of bigeye tuna was 310.39 ton, and it was caught in 350 fishing ground points. Moreover, during east monsoon tuna was caught in 117 fishing ground points. The farthest fishing ground was in the coordinate of 109.50° E and 12.08° S, and around 269.17 nautical mile from Cilacap fishing port, while the nearest was in the coordinate of 108.67° E and 08.05° S, and around 16.20 nautical mile.
D. Ocean Variability Vs Catch Effort
Ocean variability will affect to the distribution of tuna fish. The trend of SST, Chl-a and SSHA monthly describes in Figure 4 . The highest catch of tuna was in September (126.5 ton), where the average of SST was 25°C, Chl-a was 0.71 mg/m3, and SSHA was -0.14 m. The result of correlation analysis between ocean variability and tuna catch described that all oceanographic parameters affected to tuna catch. SST and SSHA gave a negative effect to tuna catch, while Chl-a gave a positive effect. The correlation of ocean variability to tuna catch illustrated correlation value for SST was -0.719, Chl-a was 0.717, and SSHA was -0.791 (Table 4) . When the value of SST and SSHA decreased, upwelling will occur. In this event the surface of atmosphere decreased. During upwelling, primary productivity increased, followed by the increasing of Chl-a. The highest catch of tuna commonly occurred when the Chl-a concentration increased (K. Kunarso, 2008) . Accuracy calculation was applied to examine the relationship between potential tuna fishing ground that analyze using oceanographic parameters with the existing tuna fishing ground by local fishermen. The calculation applied the collected fishing ground data during 2015 ( Figure 5 ). The overall accuracy was 78.82% (Table 5 ). This indicated that 78.82% of existing tuna fishing ground by local fishermen fixed with the potential tuna fishing ground resulted from the analysis of oceanographic parameters. Producer accuracy as shown in Table 5 illustrated the percentage of correct fishing ground point between existing tuna fishing ground and potential tuna fishing ground, while error omission described the percentage of error classification between existing tuna fishing ground and potential tuna fishing ground. 
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IV. CONCLUSIONS AND SUGGESTIONS
Spatial and temporal variability of the Indian Ocean, represented by Sea Surface Temperature/SST, Chlorophylla/Chl-a, and Sea Surface Height Anomaly/SSHA, was analyzed in relation with the habitat of tuna fish. Potential tuna habitat based on oceanography parameters can be a potential fishing ground for local fishermen in the fishing base of Cilacap fishing port. The analysis also examined the accuracy of potential tuna fishing ground with the existing tuna fishing ground in study area. Satellite data analysis and spatial analysis approach were combined. The spatial and temporal pattern of tuna fishing ground indicated typical of low value of SST and SSHA and high value of Chl-a. The result showed that the species of bigeye tuna mostly caught in the SST range of 25-30°C, Chl-a ranged from 0.10 to 0.71 mg/m3, and SSH was -0.14 to 0.16 meter. The potential tuna fishing ground created from the analysis of oceanographic parameters and was published by the government described enough accuracy with the existing tuna fishing ground.
The information related to the accurate tuna fishing ground is very important for the fishermen to reduce any fishing operational cost. In future study, adding other oceanography phenomenon like ENSO and IOD related the spatial distribution of tuna fishing ground may improve the model pattern of tuna habitat.
